Increasing age is associated with elevated risk of non-communicable diseases, including dementia and Alzheimer's disease (AD). The apolipoprotein E (APOE) ε4 allele is a risk factor not only for AD, but also for cognitive decline, depressive symptoms, stroke, hypertension, coronary heart disease, cardiovascular disease, and diabetes. The Lao People's Democratic Republic (Laos) is undergoing development; consequently, life expectancy has risen. To evaluate the future risk of non-communicable diseases, we investigated APOE genotypes and anthropometric characteristics in the Laotian population.
Methodology/Principal Findings
Subjects were 455 members of the Lao Loum majority and 354 members of ethnic minorities. APOE genotypes, anthropometric characteristics, blood pressure, and blood glucose were recorded. To compare individual changes, health examination data collected 5 years apart were obtained from a subset of Lao Loum subjects. APOE ε4 allele frequencies were higher among minorities (31.3%) than among Lao Loum (12.6%). In Lao Loum, but not in minorities, mean waist circumference and blood pressure increased significantly across age groups. Comparisons of health conditions between the beginning and end of the 5-year period revealed significant increases in obesity and blood glucose levels in Lao Loum. APOE ε4 carriers exhibited significant increases in resting heart rate in both ethnic groups.
Materials and Methods

Study populations
We performed a survey in two urban villages, Phailom and Khoksa-ath in Vientiane Capital, and one rural village, Phuxay, in Attapeu Province in the south of the country during 2006-2013. The populations of the urban villages consisted primarily of the ethnic majority, Lao Loum, whereas the population of the rural village was largely Alak and Talieng ethnic minorities. The urban village of Phailom and Khoksa-ath, situated on the northern side of main national road number 6, are about 30 km and 25 km to the north of downtown Vientiane, respectively. The rural village of Phuxay lies about 40 km to the north of Attapeu city and is reachable by an unpaved road. Therefore, Phuxay does not have easy access to urban amenities, and economic conditions are poor, with little sanitation and no household electricity or running water at the time of the study. Phailom and Khoksa-ath do not have water supply (in 2014, some houses adjacent to the main street at Phailom village acquired water supply), but they do have household electricity and have been more affected by the recent changes in lifestyle.
Subjects
The study subjects included 455 Lao Loum (150 males and 305 females) and 354 minorities (130 males and 224 females) during the surveillance period (Table 1) . To determine the APOE genotype, we analyzed the blood of 439 of 455 Lao Loum and 345 of 354 minorities. For anthropometric characteristics, we targeted people over 20 years of age; 447 Lao Loum (143 males and 304 females) and 147 minorities (42 males and 105 females) were selected. Under the circumstances, it was difficult to recruit subjects aged 20 or older at the same rates in the urban villages of Vientiane Capital, because there were few elderly people in the minority village. Using the data of subjects over the age of 40 may be more relevant to age-related conditions. However the sample size of that is too small and the anthropometric and clinical characteristics changes from youth to aged people become unclear. So we used the data of subjects covering over the age of 20 to reveal the changes from youth to aged people clearly. For longitudinal analysis, we used the data collected from subjects who participated both at the start and end of the 5-year study period, a total of 74 Lao Loum (25 males and 49 females). We compared the changes in anthropometric and clinical characteristics at the start and end of the 5-year period. Of the minorities, only 12 subjects (eight of whom were under 20 years old; one male and three females were aged 20 or older) participated twice. Because of the small sample size, we did not analyze changes over time in minorities.
Ethics Approval
The project received ethics approval from Mie University, Japan (No.1208) and the Ministry of Health National Ethic Committee For Health Research, Laos (No.102). Written informed consent for the participation in the study was obtained from participants. The next of kin or guardians of the children and the minorities gave written informed consent on behalf of them. At the end of their examination, each participant was informed of his or her status with regard to risk for glucose intolerance, hypertension, and obesity. People with newly discovered diabetes or hypertension were referred for clinical appraisal and advised by the doctor.
Procedures
Before each survey, we informed participants of the purpose and procedures of the study. The surveys were conducted at the village community center, the village temple or the primary school in the village site. Obesity, diabetes, and hypertension were classified according to the most recent WHO recommendations [31, 32] . Participants received medical advice from doctors. Random blood glucose concentration was measured on site with a blood glucose analyzer (Dexter ZII or Breeze 2, Bayer Medical Co. Leverkusen, Germany). Hemoglobin A 1c (HbA1c) was detected by DCA 20001 Analyzer (Siemens, Tokyo, Japan) or A1CNow plus (Bayer Medical Co. Leverkusen, Germany). Blood pressure and resting heart rate (HR) were measured using a brachiohemopiezometer (EW3106, National Co. Tokyo, Japan), and body weight was measured using a digital weight scale (HD654, TANITA Co. Tokyo, Japan). Height was measured using a stadiometer (seca213, Seca yk, Chiba, Japan). The measurement of waist circumference (WC) was taken with a measuring tape (umfangmessband 203cm, Seka yk. Chiba, Japan) in a horizontal plane, midway between the inferior margin of the iliac crest, according to the International Diabetes Federation consensus worldwide definition of metabolic syndrome [33] .
Genotyping
For genetic analysis, whole blood from each subject was spotted on filter paper cards (FTA card or FTA Elute, Whatman, Maidstone, UK), which were air-dried for 2 h and individually collated in air-tight sealed bags for DNA analysis. Genomic DNA was extracted and purified from whole blood on filter paper cards in accordance with the manufacturer's instructions. Genotyping was performed in 96 well-plates; the final reaction volume was 10 μl including 5 ng of genomic DNA, 5 μl of TaqMan universal master mix II no UNG, and 0.5 μl of 20 x SNP genotyping assay mix (ID number C_904973_10 for rs7412 and C_3084793_20 for rs429358). PCR plates were read after heating at 95°C for 10 min, followed by 40 cycles of denaturation at 95°C for 15 s and annealing/extension at 60°C for 1 min. Single-nucleotide polymorphisms (SNPs) rs7412 and rs429358, which determine the APOE ε2, ε3 and ε4 alleles, were analyzed by TaqMan1 polymerase chain reaction (PCR) assays (SNP assays-on-demand) on a StepOne analyzer using the StepOne software v2.3. All assays, machines, and software were from Applied Biosystems (Applied Biosystems, CA, USA). Blood samples collected in 2012 and 2013 were analyzed using TaqMan assays and a real-time PCR machine, whereas others were sent to Aoba Genetics Inc. (Yokohama, Japan) for genotype analysis.
Statistical analysis
We analyzed the data with SPSS Statistics 20 software (IBM). Trends across age groups were compared by Jonkheere-Terpstra test. Comparisons between two study groups were analyzed by Mann-Whitney U test, or by chi-square test or Fisher's exact test if the frequencies were small. The Wilcoxon signed-rank test was used to compare Lao Loum health examination data collected 5 years apart. A value of P < 0.05 was taken to be statistically significant. Simultaneous multiple regression models were used to evaluate the correlations between dependent variables (weight, height, BMI, WC, SBP, DBP, HR, blood glucose) and independent variables (age, sex, ethnicity, APOE ε4 carrier). In figures, box plots indicate the median, 25 th , and 75 th percentiles. The range within 1.5 times the length of the interquartile range is shown. Outliers are represented by open circles (values that were between 1.5 and 3 times greater than the interquartile range) and by asterisks (more than 3 times greater).
Results
APOE genotypes
To our knowledge, this is the first study to investigate APOE genotypes of people in Laos. Table 2A shows that 59.7% of the Lao Loum and 40% of minorities carried the APOE ε3/ε3 genotypes. Although the ε3/ε3 genotype is the most common genotype in both ethnic groups, the proportions of genotypes in two groups were significantly different (P < 0.001). The prevalence of the APOE ε4/ε4 genotype and ε4 allele frequencies of minorities (9.9% and 31.3%) were higher than those of Lao Loum (0.5% and 12.6%). In addition, the proportions of genotypes were significantly different in each minority group, Talieng (P < 0.001) and Alak (P < 0.001), relative to Lao Loum. In the two minority groups, the APOE ε4/ε4 genotype frequencies for Talieng and Alak were 6.8% and 14.0%, respectively, and the APOE ε4 allele frequencies were 24.3% and 40.1%, respectively. There was a difference in age distribution between the majority and minority populations, and we selected subjects aged 20 and older for further analyses. The proportions of genotypes in subjects aged 20 and older (Table 2B) were almost identical to those in the overall subject population (Table 2A ). In addition, the APOE ε4 carrier frequency was twice as high in minority groups (51.7%) than in Lao Loum (24.8%) (P < 0.001, Table 2C ). To confirm the influence of sex and age on the genotype distribution, we used the chi-square test to analyze APOE ε4 carrier/non-carrier status as a function of sex and age demographics. For both ethnicities, neither sex nor age demographics significantly affected carrier status (data not shown).
Comparison of anthropometric and clinical characteristics between Lao Loum and minorities
Trends for mean body weight, height, body-mass index (BMI), waist circumference (WC), systolic blood pressure (SBP), diastolic blood pressure (DBP), resting heart rate (HR), blood glucose and HbA1c across age groups are summarized in Table 3 and supporting information S1 Fig. BMI significantly increased among people in their 20s to 40s groups in Lao Loum females and seemed to be highest in middle age of both sexes, but significantly deceased and seemed to be lowest in middle age of minority females. In Lao Loum of both sexes, WC tended to increase significantly among people in their 20s to 40s and seemed to be highest in middle age, whereas WC decreased and seemed to be lowest in middle age among female minorities. Among both males and females of Lao Loum, although body weight tended to decrease significantly in all age groups, body weight seemed to be highest in middle age and then decreased for advanced age. On the other hands, among female minorities, body weight also tended to significantly decrease, but seemed to be lowest in middle age as opposed to Lao Loum. Especially in their 40s group of minority females, body weight, BMI, and WC seemed to be lowest as opposed to Lao Loum in middle age. An obese tendency in the middle age was seen in Lao Loum but not in minorities. The trend of height of Lao Loum of both sexes and female minorities tended to significantly decrease. This means height of younger groups was higher than that of elder groups. In Lao Loum of both sexes, but not in minorities, SBP and DBP tended to increase across age groups. Resting HR significantly decreased in females of both Lao Loum and minorities, although it showed an increase in their 20s to 40s of Lao Loum females. Blood glucose increased significantly within all Lao Loum age groups and minority male in their 20s to 40s. HbA1c in Lao Loum females significantly increased over the course of aging from the 20s to the 40s. Changes in Lao Loum anthropometric data collected 5 years apart Table 4 shows a comparison of anthropometric and clinical characteristics data collected at the beginning and end of a 5-year period from Lao Loum subjects. Body weight, BMI, WC increased significantly in males (P = 0.010, 0.009, 0.037, respectively) and females (P < 0.001, < 0.001, < 0.001, respectively). Height, SBP, and DBP remained similar in both males and females. Resting HR increased significantly in males (P = 0.049) and trended toward an increase in females (P = 0.056). Blood glucose also significantly increased in both males (P = 0.044) and females (P = 0.002). HbA1c increased only in females (P < 0.001), but not in males (P = 0.172). 
Relationship between APOE ε4 carrier/non-carrier status and examination characteristics
Supporting information S1 Table shows the effects of APOE ε4 on anthropometric characteristics, blood pressure, and blood glucose in each ethnic group. Interestingly, resting HR was significantly higher in the APOE ε4 carrier group than in non-carriers in both Lao Loum and minorities (Fig 1) . Body weight, height, BMI, WC, SBP, DBP, blood glucose, and HbA1c were not significantly different in either group. To determine the effects of age, sex, ethnicity, and APOE ε4 on anthropometric characteristics, simultaneous multiple regression analyses were performed as shown in Table 5 . We used the anthropometric or clinical data points as the dependent variables, and age, sex, ethnicity, and APOE ε4 as independent variables. After adjustment for other independent variables, HR was significantly associated with APOE ε4.
Although the association was weak, APOE ε4 significantly increased HR, but did not affect other dependent variables.
Discussion
In this study, we analyzed the APOE allele distribution in Laos. The frequency of APOE ε4 was higher among minorities than Lao Loum. This study raised some important public health issues regarding obesity, hypertension, and diabetes in Laos. Trends for BMI, WC, SBP, DBP, blood glucose, and HbA1c in Lao Loum females across age groups were mostly highly significant. Comparisons of data regarding anthropometric and clinical characteristics collected 5 years apart revealed that body weight, BMI, WC, and blood glucose increased significantly in Lao Loum of both sexes. On the other hand, in female minorities across age groups, BMI and WC were on a significant declining trends, and in both sexes of minorities SBP and DBP were no significant different. About trend for body weight across age groups, tendency to decrease with age was observed in Lao Loum both sexes and female minorities. However, the highest body weight was observed in middle age of majority, but not in minorities. These results suggested that Lao Loum experience obesity, elevated blood pressure, and higher blood glucose in middle age by both age-related change and lifestyle change, such as high calorie foods and motorization. Contrarily, in minorities only the blood glucose level of males increased with age among people in their 20s to 40s groups, suggesting that blood glucose level may be strongly affected by age. On the other hand, the change of living environment and lifestyle may promote a rise in obesity and blood pressure. Economic growth in the big cities of Laos has been remarkably fast. In Cambodia, a neighboring country of Laos, diabetes is considerably more frequent than was previously expected [34] . Diabetes is not yet one of the top 10 diseases in Laos, but mortality due to this disease is high (2% of 46,000 annual deaths) [35] . Based on its increasing population and rapid economic growth, Asia is considered to represent a modern diabetes pandemic [34] . In contrast to Lao Loum, increases of BMI, WC, SBP and DBP were barely observed among ethnic minorities as mentioned above. Additionally, minorities had smaller physiques than Lao Loum. One reason for this difference is that the minorities were still in economic poverty and had a high malarial infection rate relative to Lao Loum in urban areas. There is an economic and health disparity between the majority and minorities in Laos [1] . Before the intervention by the government along with WHO and other development partners in 2001, the minority village was in a malaria-endemic area [1, 36] ; however, the numbers of admissions and deaths from malaria have decreased over the past decade [36] . Older people born before the intervention might have been infected with malaria several times during their lifespan. In younger age groups of minority females and Lao Loum of both sexes, height was greater than in older age groups ( Table 3 and S1 Fig) , presumably due to economic growth and the medical service strategy against infectious diseases. Although people in poverty-stricken areas are thought to be at lower risk of non-communicable diseases, minorities in Laos may follow the same path as the Lao Loum in the near future. APOE allele distribution differs according to ethnicity and region. Corbo et al. reported that some Africans have high frequencies of APOE ε4 (Pygmies 40.7%, Khoi San 37.0%). Among Europeans, the prevalence is higher in Northern Europe (Swedish 20.6%, Finnish 20.8%) and lower in Southern Europe (Italians 9.1%, Greeks 6.8%) [37] . Among Asians the prevalence is low (Chinese 7.1%, Japanese 10.1%) [37] . In this study, we found that the APOE ε4 allele frequencies of minorities (Talieng 24.3%, Alak 40.1%) were higher than those of Lao Loum (12.6%). Among Asians, these two minorities have a very high occurrence of the APOE ε4 allele. The allele is also very prevalent in Malay and American aboriginals (Malay 24.0%, Inuit 21.4%) [37] . Of the three common alleles of APOE, the so-called 'thrifty' ε4 allele is an ancestral allele that has been selected because it protects against some infectious diseases and increases cholesterol [38, 39] ; thus, APOE ε4 may improve survival in populations experiencing food scarcity or poverty [38] . Jofre-Monseny et al. also reported that APOE ε4 plays a role in protecting against certain infectious diseases, and may have provided an initial evolutionary advantage related to pathogen resistance in developing countries [38] . Economic expansion, gradual adoption of a Western lifestyle (including a high-fat diet), low levels of physical activity, and long life expectancy have resulted in a shift from infectious diseases to non-communicable diseases. The elevation in the rates of non-communicable diseases such as hypertension and diabetes is likely to increase the burden of dementia, including AD [14] . Bang et al. showed that the frequency of APOE ε4 was significantly higher in AD patients than in controls in Caucasians, Southern Europeans, and East Asians [40] . Farrer et al. suggested that although APOE ε4 represents a major risk factor for AD across all ages between 40 and 90 years in both sexes, the attenuated effect of APOE ε4 in some ethnicities was caused by small sample size, population heterogeneity, or other factors [10] . The effect of ethnicity on the association between APOE genotype and AD remains unclear; consequently, further investigations are necessary.
In a statistical analysis of anthropometric and clinical characteristics between APOE ε4 carriers and non-carriers, only heart rate was significantly higher in APOE ε4 carriers than in non-carriers in both Lao Loum and minorities. Several reports demonstrated that APOE ε4 is associated with AD [40] , cognitive decline [21] , depressive symptoms [22] , stroke [23, 24] , hypertension [25, 26] , coronary heart disease [24, 26] , cardiovascular [27, 28] , and diabetes [29, 30] . Very few studies have addressed the relationship between APOE ε4 and heart rate. Cheng et al. reported that heart rate variability is significantly associated with reduced physiological complexity in the presence of the APOE ε4 allele, relative to non-carriers [41] . Elevated resting HR is a risk factor for cardiovascular disease in healthy males and females [42, 43] and is also associated with elevated risk for the development of insulin resistance [44] . Scuteri et al. described higher levels of pulse wave velocity in relation to dementia [45, 46] . Based on the observations described above, elevated HR may be a conventional index for cardiovascular disease, diabetes and dementia in APOE ε4 carriers.
Our study is the first to report population data on APOE ε4 allelic frequencies in Laos, although the sample size is small. The very high occurrence of the APOE ε4 allele may increase susceptibility to several non-communicable diseases in two minorities of Laos. Additionally, the prevalence of non-communicable diseases is rapidly increasing in the Lao Loum majority. In the primary government hospital in Vientiane, one psychiatrist saw only two patients with impaired memory in more than 20 years (personal communication). Dementia, including AD, is not yet a serious public health problem in Laos. Caution against genetic prediction and testing using APOE genotyping for AD is recommended [47] , particularly to guard against genetic determinism, especially in ethnic minority groups. However, our findings at least suggest a genetic predisposition of the Lao population to non-communicable diseases. Our study provides informative data regarding ethnic differences in the association between APOE and noncommunicable diseases or dementia. Given the small sample size for the groups in this study and the fact that few subjects participated twice in measures over the 5-years period, it is possible that our findings may have been affected by selection bias or non-participation bias in the measures. Therefore, additional studies that include larger sample sizes are necessary to address these limitations. Further investigations in larger Laotian ethnic minority groups are necessary to confirm these findings. In the meantime, however, clinicians and researchers should consider prevention strategies that target cardiovascular, diabetes and dementia risk factors.
Supporting Information S1 Fig. Trends in age groups of Lao Loum and minorities. Statistical analysis was performed using the Jonkheere-Terpstra test for trends across age groups. Significant differences across all age groups are indicated by an arrow, and significant difference between the 20s and 40s alone is indicated by a dashed arrow (#; P < 0.05, ##; P < 0.01). Outliers are represented by open circles (values between 1.5 and 3 times greater than the interquartile range) or asterisks (more than 3 times greater). WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate. (TIF) S1 
